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Abstract 
 
This paper describes a new method developed for the discrimination of acoustic 
emission (AE) events based on the similarity of their parameters. The method should 
help to locate the sources of AE events which are related to failure of the material’s 
integrity (the crack propagation). Early detection of crack growth is critical for the 
prevention of catastrophic failure, especially for metallic structures or high-pressure 
tanks. 
The problem is that during long-term monitoring of construction, many AE events 
captured by a special monitoring system are disturbances. If standard methods of 
discrimination are used, a number of clusters of AE events are located. Only some of 
these clusters are generated by crack propagation; the remainder are disturbances.   
The developed method uses the specific behavior of AE sources generated by the crack 
propagation in the material to discriminate between those sources and the disturbances. 
The discrimination is based on the similarity of AE parameters, such as duration, rise 
time, counts and maximum amplitude. 
The proposed method was validated on real data from measurements of two different 
chemical reactors. The first measurement ran for 6 months and at the end of this period 
the reactor was shut down because the integrity of its material was disturbed. The 
reference data were obtained by ultrasonic inspection after dismantling the objects.  
 
1.  Introduction 
 
Acoustic emission (AE) testing is an important method within the broad field of 
nondestructive material testing. Acoustic emission test techniques usually fall into one 
of the following categories: pressure (or acceptance) testing, diagnostics, condition 
monitoring and leak detection.  
Acoustic emission instrumentation is designed to detect the structural or liquid borne 
sound generated by a source within material. Sound can be caused by crack initiation, 
crack tip yielding, crack extension, certain phase changes, turbulent flow or leakage, 
boiling, chemical reaction, friction or fretting, impact, matrix cracking, delamination, or 
fiber breakage. Most of the sources of AE are damage-related; thus, the detection and 
monitoring of these emissions are commonly used to predict material failure. 
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Acoustic emission systems have evolved since the 1970s. Early systems usually 
processed one acoustic emission parameter only, such as root mean square signal level. 
Nowadays, multi-channel, computer controlled acoustic systems can perform multi-
parameter extraction while processing waveforms. Industry acoustic emission systems 
(see fig. 1.) used for impulse acoustic emission measure and store only a few acoustic 
emission parameters, such as maximum amplitude, event duration, rise time, counts, 
counts to peak, event position etc. Follow-up signal processing, such as our new 
filtration method (to be described later), can process only these parameters.  
 
 
Figure 1. Schematic diagram of acoustic emission measurement 
 
Concerning the development of a new method it is necessary to have each AE event 
described by more than four parameters. In the best case scenario, it is ideal to have 
saved whole sampled signals, which are measured by transducers and digitalized by 
ADC. Because of this, we are developing a new AE measurement system with a 
memory device such as a hard drive or a compact flash memory card. The measurement 
system will record digitalized signals to the memory device. After that the saved data 
will be used for development and testing new filtration methods which will be described 
later.  
 
2. Long-term monitoring 
 
During long-term monitoring (for example several mouths) of a construction the 
situation is far more complicated than during short time monitoring (pressure tests). The 
reason for this complication is due to a large amount of measured data caused by many 
AE events. Not all of the AE events are caused by material failure, which in this case is 
crack initiation or crack growth. To be exact, only a small number of measured AE 
events are caused by material failure. 
 
If standard methods of discrimination are used, they locate a large number of AE event 
clusters. Only some of these clusters are generated by crack propagation. The rest of 
them are disturbances.  The problem is that clusters caused by different sources of AE 
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activity and intensity. The seriousness of AE source is evaluated by these two trends. 
That’s why it is necessary to separate different sources, which are in one cluster.  
 
 
Figure 2. The example of material failure of monitored pressure tank (after 
destructive visual inspection) 
 
One example of disturbances, which can create a cluster of AE events, is technology 
running in the pressure tank; for example, small particles of the catalyst in a chemical 
reactor which hits the interior surface of the tank.  
 
3. New method of AE events filtering  
 
A new method which can locate AE events caused by crack propagation is based on the 
fact that these events are similar. Firstly, there is a hypothesis, which says:  
 
“The character of AE events, from the sources which cause material failure, is 
during the short time acquisition very similar”
 (2) 
 
The similarity is given by these factors: the mechanism of failure is the same (for 
example crack growth), same place of AE source, the path between source and sensor is 
the same. The only difference is in the quantity of energy which is released. All well 
known sources of disturbances are not capable of such similarity. Not even Hsu-Nielsen 
source (Pen test).  
 
4. Mathematical model  
 
The similarity of acoustic emission events is computed from the following describing 
parameters. Each event is described by the maximum amplitude (AMP), time of 
duration (DUR), counts (OSC), rise time (RST) and position (X,Y). The similarity is 
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parameter. Then the parameter and position of the event (X,Y) are displayed in 3D 
scatter graph (see Figure 3 and Figure 5) as one point.  
Some events are incorrectly recorded during the measurement, which means that one of 
their parameters is 0. These events must be removed from measured data before the 
similarity is computed. This task is done by a preprocessing block of the filter. The 
second part of preprocessing block is programmable. This part removes the events 
which parameters do not meet given conditions. The conditions can be set by the user.  
The similarity is computed by a simple principle. If two events are described by one 
parameter, then the similarity between these two points is given by the difference in the 
values of their parameters. In the same way, the similarity is calculated between event H 
and all measured events. It is necessary to have two vectors. The size of the vectors is 
given by a number of measured events. All elements of the first vector are the same as 
the parameter of event H. The elements of the second vector are given by values of 
parameter of all events. These two vectors must be subtracted from each others and the 
result is a vector of differences. These differences must be summed to obtain a final 
value of similarity between event H and all events. The similarity of all parameters is 
then computed analogically. The final result is a vector, where: the first element 
contains similarity of the first event and subsequent events, the second element contains 
similarity of the second event and subsequent events etc.   
It is very important to compute the similarity only between AE events which are located 
close together. Events which are in the close proximity of the event, where similarity is 
computed, must be then removed. The size of the neighborhood can be set by the user. 
 
5. Results achieved by new filtration method 
 
New filtration method was tested on data which was recorded during the long-term 
monitoring of two different objects. Both of them were pressure tank running in 
chemical operations. Data were provided by the company ADA Akustická Emise, s.r.o.  
 
Figure 3. The first monitored object - similarity of AE events  
 
In Figure 3 the similarity of AE events which were measured during the monitoring of 
the first pressure tank is shown. The dark points are AE events with a strong similarity. 
The light points are AE events which will be filtered because their weak similarity.  
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The result of the new method is displayed in Figure 4. All measured AE events are 
shown in the left picture. The result of the filtration (orange point with white borders) is 
displayed in the right picture. The results are compared with ultrasonic testing 
(displayed as dark gray rectangles). 
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Figure 4. Left - all measured AE events, right - events with similarity level higher 
than k = 0,85 
 
The results of measurement on the second pressure tank are shown in Figure 5. and 
Figure 6.. The first figure displays the similarity level of all AE events. The image on 
the left is a top view of the 3D graph and (on the both axis is position of the events). 
The level of similarity is given by a color of the points and is shown in the right picture. 
In this picture, two high peaks can be seen. These peaks locate the position of material 
failure. The results were confirmed by the company which monitors the pressure tank. 
 
Figure 5. The second monitored object - similarity of AE events  
 
After removing all AE events, where the similarity level is lower than 0,4 the final 
result is obtained. This result is shown in Figure 6. The picture on the left shows all 
recorded AE events while the right one shows only 2 clusters of AE events. These two 
clusters correspond with two peaks in Figure 5. 
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Figure 6. Left - all measured AE events, right - events with similarity level higher 
than k = 0,4 
 
Confirmation by ultrasonic testing was performed because of poor condition of the first 
pressure tank. For this reason the pressure tank was put out of service. The decision was 
made due to the results of AE testing. This ultrasonic testing confirmed the growth of 
many cracks. These cracks occured in the same location as the new filtering method 
showed. 
 
4. Next development  
 
We are currently developing a new system using new methods of testing intended to 
improve the localization of the cracks grown in the material [1]. Crack detection is 
based on the similarity of acoustic emission events. The method is tested on data 
measured by the industry system; therefore every event is described by four parameters 
only (maximum amplitude, event duration, rise time, counts). The problem is that the 
similarity between AE events is calculated from these four parameters only. 
The new measurement system is designed to save digitalized acoustic emission signals 
to the memory device (data acquisition) like a hard drive or Compact Flash card without 
compression, or with lossless compression, for further signal processing in Matlab. But 
the main feature of the multi-channel system is real time signal preprocessing, which 
contains algorithms such as FFT in each channel. The results of preprocessing in each 
channel can be saved to the memory or used for following processing. 
 
The AE system is based on the development kit Xilinx ML 402 and data acquisition 
board. The maximum sample rate a channel is 10 MSPS for direct signal processing in 
FPGA and 4 MSPS if the measured data from 4 channels is saved directly to the hard 
drive. 
The main point of the system is to save measured AE signal to hard drive with lossless 
compression for subsequent processing in PC (Matlab). After new methods of acoustic 
emission signal processing are properly tested in Matlab using new data, the methods 
will be implemented into FPGA and the measurement system will work without a PC. 
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Figure 7. Block diagram of new acoustic emission system 
 
3.  Conclusions 
 
The new filtration method based on similarity of AE events was tested on real data. The 
data were measured during the long-term monitoring of two different pressure tanks. 
The results which were obtained by the new method are very promising, because the 
localization of AE clusters related to material failure (crack propagation) corresponds to 
the results obtained by independent expert evaluation. In addition, the localization of 
these clusters was confirmed by another NDT method, such as ultrasonic inspection 
(first pressure tank).  
The fact that the selection can be done by one parameter (similarity level) is an 
advantage of the proposed method. Only AE events where similarity is higher than this 
level are displayed in the results.  
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